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PHYSICAL AND BIOLOGICAL ATTRIBUTES OF WATER
CHANNELS UTILIZF,D BY CULEX PIPIENS PALLENS
IMMATURES IN SAGA CITX SOUTHWEST JAPAN
M. MOGI nNo T. SOTAI
Division of Parasitology, Department of Microbiology,
Saga Medical School, Nabeshima, Saga 849, Japan
ABSTRACT, Physical and biological attributes of water channels utilized by immatures of Culex
pipiens pallens were studied in Saga City, Japan. Water in mosquito-productive segments generally was
stagnant or slowly running (mean { 5 cm/sec), with low and fluctuating dissolved oxygen concentrations
and high electric conductivity. Water flow ) 20 crnlsec was considered necessary for prevention of
mosquito breeding. The aquatic fauna in mosquito-productive segments was composed of taxa tolerable
to polluted water. Adult Odonata were more diverse in segments with emergent vegetation irrespective
of physical attributes of channel water. Fish diversity was higher in mosquito-free segments. Tlventy-three
fish species were confirmed in the creek networks. Temporary flooding did not flush mosquito immatures
from mosquito-productive segments, indicating the high stability of those segments as mosquito immature
habitats.
INTRODUCTION
Throughout the warmer regions of the world,
urban drains are the main breeding habitats of
the Culex pipiens species complex, which trans-
mit human and animal diseases and cause nui-
sance problems (Curtis and Feachem 1981).
Nevertheless, larval ecology of the Cx. pipiens
species complex in urban drains has not been
studied intensively. Rajagopalan et al. (1976)
and Menon and Rajagopalan (1981) estimated
survival rates of Culex quinquefasciatus Say in
urban drains in India. Mogi and Okazawa (1990)
estimated survival rates of Culex pipiens pallens
Coquillett in polluted water channels in Saga
City, southwest Japan, and indicated that mor-
tality due to predation is substantial. Mogi et al.
(1995) also indicated that mosquito production
is strongly suppressed with the increase in flow
rates at respective channel segments and that
mosquito-productive segments tend to persist
over years.
Control of the C-r. pipiens species complex
breeding in urban drains has mainly relied on
chemical methods against either larvae or adults
(Curtis and Feachem 1981, Subra 1981, World
Health Organization [WHOI 1988). Increasing
costs, development of insecticide resistance, and
increasing public concerns about insecticide use
require control by methods other than insecti-
cides. Among others, environmental manage-
ment measures, such as velocity alteration or
cleaning of open drains, are expected to provide
a permanent solution (WHO 1988). Flow speeds
necessary for flushing anopheline larvae from
hill streams have been investigated (Oomen et
al. 1990), but those for the C. pipiens species
complex in urban channels have not been pro-
posed. Change in flow speed may also influence
other organisms including predators and animals
preferred by humans. Saga City has promoted
the increase in dragonflies as a symbol of amen-
ity of the urban environment. To minimize the
impact on the faunal and floral diversity is an
important factor to be considered even in urban
mosquito control. This report compares some
physical and biological attributes of mosquito-
productive segments with those of mosquito-free
segments in Saga City. A specific purpose of this
comparison is to propose a flow speed necessary
for control of the C. pipiens species complex
breeding in urban channels.
MATERIALS AND METHODS
Study area: The study was done in Saga City,
Kyushu, southwest Japan, in 1990 and 1991.
The area has a warm-temperate climate with hot
surnmers (August mean for 1961-90 = 27.6"C)
and rain through all seasons (mean annual total
precipitation :1,876 mm). Larvae of Cx. p. pal-
lens occur in water channels from April through
November, with a peak abundance around June
(Mogi 1987' ). The city territory is divided into
the central urban area (old town) and suburbs
(suburban and rural area). For more information
about Saga City and its water channels, see
Mogi et al.  (1995).
Mosquito census: Four pairs of channel seg-
ments, 2 (Kouno, Kanko) in the urban area and
I Present address: Department of Biology, Faculty of '  Mogi, M. 1987. Report of basic studies for mos-
Science, Shinshu University, Matsumoto 390, Japan. quito control. Saga City, Japan. [In Japanese.]
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Weather conditions observed at Saga Meteorological Station located within 3 km of mosquito sam-Fig.  1.
pling sites.
2 (Shin'ei, Nabeshima) in the suburban area
were selected as study sites based on records of
larval censuses in 1986-88. Two segments in
each pair were located within 200-500 m of one
another. One (mosquito-productive) in each pair
was selected from segments where immature
mosquitoes were confirmed for >5O7o of weekly
census dates for all the 3 years, whereas the oth-
er (mosquito-free) was selected from those
where immature mosquitoes were not confirmed
during 3 years. Though I year intervened be-
tween the records and this study, the preliminary
inspection revealed that the conditions of se-
lected segments remained the same as in 1986-
88. A portion of ca. 3O m of each segment was
selected as a census site. The census was con-
ducted during I month (June l9-July 18) in
1990 when the daily mean temperatures were
>25"C except for a few days with heavy rains
(Fig. 1). In this season Cx. p. pallens breeding
is usually most active. Each site was visited dai-
ly from l0O0 to l20O h except for July 2 when
heavy rain inundated many parts of the city ter-
ritory and census sites could not be reached.
Physical conditions were measured near the
midpoint of each census site. Flow speed was
measured as the time required for a paper disk
(5-mm diam) floated at 30 cm from the bank to
move 5 m. Daily maximum and minimum tem-
peratures were measured at 5 mm below the wa-
ter surface by a thermometer attached to the un-
derside of a tethered styrofoam float. Dissolved
oxygen (DO) and electric conductivity were
measured by an oxygen meter (HDO-22, DKK
Co., Tokyo) and a conductivity meter (HpK-22,
DKK Co.), respectively.
Mosquitoes and other aquatic organisms were
colfected by a dipper (capacity 5OO ml) at 2-m
intervals. Contents of 5 dips were pooled and
preserved in lOVo formalin. At each site, 3 sam-
ples (total 15 dips) were taken. On June 19 and
July 18, dip samples were taken at all 8 sites.
From June 20 through Jlly I7, dip samples were
taken daily at mosquito-productive segments
only. Presence of fish and adult dragonflies
(Odonata, Anisoptera) and damselfl ies (Odonata,
Zygoptera) were recorded at all sites. Fish were
collected by a hand net for identification. Aquat-
ic animals other than mosquitoes and fish were
identified to family or higher categories by using
Ueno (1973) and Kawai (1985). Fish species
were identified by Miyadi et al. (1978).
Mosquito and crustacean density was ex-
pressed by the procedure for 2-stage sampling
in which secondary sampling unit (dips) are
pooled (Snedecor and Cochran 1967). The daily
mean (x) per dip and its standard error (SEM)
were estimated as:
I (x, -  x)2/n(n - l) ,
where i, is the mean per dip for each sample
and n is the number of samples (n = 3).
Fish census: Because fish censuses by visual
observation and hand nets cannot reveal the full
fish fauna, a census by cast nets was done at 8
sites (different from the 8 mosquito census sites)
in July and August 1990 and at 33 additional
sites in July and August 1991. At each site, a
cast net was thrown 3-8 times and all fish were
identified in situ and released there. A highly
larvivorous poeciliid, Gambusia affinis (Baird
and Girard), had been released every spring
from 1972 to 1985 at several segments in the
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Table l. Physical conditions of channel segments studied in Saga City, Japan.
Mean (coefficient of variation [Vof)
conditions of water
Siter
Waste-
water Flow
Width dis- rate2 Depth3
(m) charge (Vo) (cm)
Flow
speed
(cm/sec)
Temper-
ature4
cc)
Dissolved Electric
oxygen conduc-
concentration5 tivity
(ppm) (pS/cm)
Mosquito-productive
Kouno
Kanko
Shin'ei
Nabeshima 3
66 12 (rr)
59 32(rO)
0 48 (17)
o 27 (28)
ro0 14 (39)
r7 6 (22)
l0o 46 (34)
83 48 (27)
Mosquito-free
Kouno
Kanko
Shin'ei
Nabeshima
3.6 (48)
4.s (ee)
28.7 (3O)
6.2 (ee)
16.6 (34)
19.7 (3s)
26.6 (6.7)
2s.8 (s.e)
27.1 (7.3)
2s.7  (s . r )
22 ;7  (5 . r )
27.2 (6.6)
23.2 (3.9)
2s.o (6.6)
-)
2
J
+
I
+
2.4 (6r) (0.2-6.0) 4O4 (2r)
2.8 (s0) (0.1-s.0) 423 (23)
3.O (64) (0.3-7.5) r22 (33)
4.e (s7) (0.2-8.1) 213 (23)
7.O (2s) (3.1-8.8) e6 (22)
s.e (29) (2.6-7.e) 39e (2s)
4.9 (24) (l.0-6.5) tO3 (22)
7.2 (rs) (4.s-8.3) l0r (s0)
I
I
-f
J
I Explmations for mosquito-productive and mosquito-free channels are in the Materials and Methods section
2 No. days with water flow + 30.
1 Excluding July 2 when water depths exceeded IOO cm at all sites due to heavy rains.
4 Mean of daily mean temperatues [(daily muimum ] minimum) + 21.
s Range in second pilentheses.
urban area by the Department of Environment,
Saga City. Fish census sites included 4 of the
former release sites, where, in addition to cast
net sampling, cyprinodonts and poeciliids were
collected by hand nets.
RESULTS
Physical condition: Mosquito-productive seg-
ments other than that at Shin'ei received do-
mestic wastewater directly from houses along
the banks, whereas mosquito-free segments did
not have drainpipe openings, and thus there was
no direct influx of wastewater (Table 1). Water
depths were >10 cm except for a mosquito-free
segments at Kanko. Water in mosquito-produc-
tive segments generally was running slowly or
was stagnant, with low average but highly vari-
able (CV : 5O-647o) dissolved oxygen (DO)
concentrations and high electric conductivity.
Mosquito-free segments generally had the op-
posite characteristics: running fast, with higher
average and less variable (CV : l5-29%o) DO
concentrations and lower conductivity. Excep-
tions were a mosquito-productive segment at
Shin'ei, and a mosquito-free segment at Kanko.
Mosquito-productive Shin'ei, without direct in-
flux of wastewater, had low conductivity, where-
as shallow and often stagnant water at mosquito-
free Kanko had high conductivity. Among the 3
segments with the highest conductivity (ca. 4N
pS), water of mosquito-productive segments at
Kouno and Kanko was highly polluted, with low
DO concentrations, whereas water of a mosqui-
to-free segment at Kanko was generally clear,
with DO concentrations comparable to other
mosquito-free segments. Except for Kanko,
mean flow speeds at mosquito-free segments
were )16 cm/sec, indicating that a flow speed
of 20 cmlsec was enough to prevent mosquito
breeding.
Biota: Mosquito-productive segments at Kou-
no and of mosquito-free segments at Kouno and
Nabeshima had virtually no aquatic macrophytes
(Table 2). Mosquito-productive segments at
Kanko and Shin'ei had both emergent and sub-
merged macrophytes. A mosquito-free segment
at Kanko was characteristically rich in the sub-
merged plant Hydrilla verticillato Casp. (Hydro-
charitaceae).
Culicid larvae, chironomid larvae, cladocer-
ans, and copepods were the most abundant ma-
croinvertebrates collected at mosquito-produc-
tive segments. Taxa collected from mosquito-
free segments were essentially the same, but
only copepods were abundant. Culicid larvae
were collected at all of mosquito-productive seg-
ments but from mosquito-free segments only at
Shin'ei. The dominant species was C.r. p. pal-
lens except for both mosquito-productive and
mosquito-free segments at Shin'ei. At mosquito-
productive Shin'ei, with less polluted water due
to the absence of direct influx of wastewate\ Cu-
lex tritaeniorhynchus Giles was more abundant
than Cx. p. pallens. At mosquito-free Shin'ei, a
few Cx. tritaeniorhynchus larvae were collected
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Table 2. Aquatic biota in channel segments in Saga City, Japan.
Mosquito-productive Mosquito-free
Taxonr
Nabe- Kou-
Kouno Kanko Shin'ei shima no
Nabe-
Kanko Shin'ei shima
Macrophyte
Emergent
Submerged
Invertebrate
Cx. p. pallens (L)2
Cx. tritaeniorhynchus (L)
Chironomidae (L)
Ephydridae (L)
Gerridae
Zygoptera (L)
Anisoptera (L)
Ephemeroptera (L)
Cladocera
Copepoda
Ostracoda
Asellus
Naididae
Planorbidae
Hydra
Fish3
P. rivularis
P. herzi
P. pawa
C. carpio
Carassius spp.
Rhodeus spp.
S. asotus
O. latipes
C. argus
36
4
1,616 2,000
32 324
1 6 4
8
8
4 2,656
164 12
44 26
4 1 2
500 r1,736
824
16 292
108
T T + +
T T +
4
J
20 r,684
60 208
4
3
6 6
I
I
1
I
22
7
r28
24
l 6
9
I
I
l 6
l 6
9
286
2
'Invertebrate density was expressed as the total number collected on June 19 and July l8 (15 dips on each day). + : Presence
was confirmed duing the l-month study period.
'  L = Only immatures are aquatic.
3 See Table 3 for full names.
from spaces within clumps of an emergent plant,
Phragmites communis Trin. Gerrids, dragonfly
nymphs, and hydras (Hydroida) were collected
only from mosquito-free segments, where they
were minor components. Dip samples collected
during I month of daily censuses at mosquito-
productive segments also included larvae of the
mosquito Anopheles sinensis Wied. (Shin'ei),
ceratopogonid larvae (Shin'ei), psychodid larvae
(Kouno, Kanko, Nabeshima), tipulid larvae
(Shin'ei), hydrophilids (Kanko, Shin'ei), dyti-
cids (Kanko), larval Scirtidae (Kanko), and
leeches (Hirudinidae) (Shin'ei): all of these also
were minor components of the fauna.
Eight fish taxa were confirmed at mosquito-
free segments. Six out of these 8 taxa were con-
firmed only at either Kanko or Nabeshima. and
only one and 2 taxa were confirmed at Kouno
and Shin'ei, respectively. The number of taxa
confirmed at mosquito-productive segments was
4, of which a highly larvivorous cyprinondont,
Orizias latipes (Temminck and Schlegel), was
present at all 4 sites.
In an extensive fish fauna survey with cast
nets, 2l species were collected (Thble 3). Some
species were benthic but most were nektonic. Ex-
cept for 3 carnivorous species, these fish species
were polyphagous and their juveniles at least
have a potential for consuming mosquito larvae.
Carnivores consume small fish, frogs, and large
crustaceans such as crabs and shdmps, but their
juveniles may be larvivorous. In fact, schools of
C. argus fry (length < 4 cm) voraciously con-
sumed mosquito immatures among emergent
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Table 3. Fish species collected by cast nets from channels in Saga City, Japan.
Taxon
No. collected (no. sites)
Urban Suburbs
Life Food Flow Flow Flow Flow
forml habit'  + (6) - (6) + (22) - (7)
Cyprinidae
Zacco temmincti (Temminck and Schlegel)
Zacco platypzs (Temminck and Schlegel)
Aphyocypris rasborella (Fowler)
Ps eudogobio e socinus (Temminck and
Schlegel)
P s e udo go bio riv ularis (Basilewsky)
P s e udo g o b i o ze ze r a Ishikaw a
Sarcocheilichthys varie gatus (Temminck
and Schlegel)
P un g tun g ia he r zi Her zentein
Pseudorasbora parva (Temminck and
Schlegel)
Cyp rinus c arp io Linnaeus
Carassius spp.3
Rhodeus ocellatus (Kner)
Rhodeus sinesis atremius (Jordan
and Thompson)
Rhodeus lanceolatus (Temminck and
Schlegel)
Rhodeus limbatus (Temminck and
Schlegel)
Rhodeus rhombeus (Temrninck and
Schlegel)
Siluridae
Silurus asotus Linnaeus
Channidae
Channa argus Cantor
Gobiidae
Odontobutis obsura (Temminck
and Schlegel
Rhino gobius brunneus (Temminck
and Schlegel)
N
N
N
B
B
B
N
N
N
N
N
N
P
P
P
P
P
P
P
P
P
P
P
P
P
s  ( r )  2 ( r )
s (2) 14 (r)
3  ( 1 )
5 (3)
12  ( r )
I  (1 )
I  ( 1 )
I  ( 1 )
5  ( l )
e (3) 4 (2)
4 (2) 150 (6)
2 (2)
3 (2)
5 (3) e (1)
r (1) s l  (2)
4  ( 1 )
l  ( 1 )  3  (1 )
2 2 ( 6 )  2 ( r )
30 (8)
8  ( l )
6 (3)
e (3)
2 (2)
I  (1 )
e (3) 1 ( l )
2 (2) 2 (2)
232 (rs) 550 (7)
r7 (3) 2 (r)
3 (2) I  ( l )
18 (s) e (3)
4  ( l )
34 (s) 1 (1)
1  (1 )
P
P
N
N
N
N
C
C
C
P
N
I  ( l )
1  ( 1 )
' N = Nektonic, B : benthic.
'  P: Polyphagous, C: cmivorous.
t Carrasius included at least 2 species but specific identification for each individual was not possible.
weeds at mosquito-productive segments of Shin'ei,
as evidenced by chitinous fragments of mosquito
larvae in their stomachs. This feeding habit also
was confirmed by laboratory observation.
All segments had at least one fish species (Fig.
2). The maximum number of species per site was
12 at a l-2-m wide segment with running water.
One side of this segment had rice fields, and the
other side was a road along houses; thus, it was
a typical suburban segment without any special
conditions. Differences in frequency distributions
of fish species were not significant (Kolmogorov-
Smirnov 2-sample test, P > 0.05) between flow-
ing and stagnant segments (maximum unsigned
difference D : O.333 for urban, 0.208 for sub-
urbs) and between urban and suburbs segments
(D : 0.086). Gambusia ffinis was confirmed at
2 ont of 4 former release sites, where the ratio of
G. affinis and native O. latipes was 1:4. Thus,
23 fish species were confirrned in channel net-
works in Saga City.
Fifteen species of Odonata adults were iden-
tified, of which 4 were observed only at mos-
quito-productive segments, whereas one was




